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Abstract of KR 20040058479 (A) 

PURPOSE: A GaN LED(Light Emitting Diode) of 
vertical structure and a manufacturing method 
thereof are provided to improve radiation effect, 
reduce forward voltage, and enhance the discharge 
effect for static electricity by using a conductive 
substrate instead of a sapphire substrate. 
CONSTITUTION: A GaN LED(20) is provided with 
the first conductive type GaN clad layer(25c) having 
the first contact(29), an active layer(25b) on the 
lower surface of the first conductive type GaN clad 
layer, and the second conductive type GaN clad 
layer(25a) on the lower surface of the active layer. 
The GaN LED further includes a conductive 
adhesive layer(24) at the lower portion of the second 
conductive GaN clad layer and a conductive 
substrate(21) on the lower surface of the conductive 
adhesive layer. The conductive substrate has the 
second contact(27). The conductive substrate is 
made of one selected from a group consisting of 
silicon, germanium, and GaAs. 
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a M\ AH 



wtwwr ° E 1 * ' {Co^c 

£1£ SEti°l GaN BIW0|£ = » 7Hgf^o S Lf-EfLHfe ^BH£0|CK 

H2fe & aSSj ej^Al^E^Oll LLFC <£5j^2. GaN Si"lWO|SJE.« 7||afS|oS L|-E|-Llfe ^BEHOlD}. 

£3a-3eS & ^ScH| [Q-g GaN St#cK>|£ = £| 7H|£S§§ tf"S*h7| ««Bes.O|ch 

£4afe «#S| ^|o|xH y SA+(H| °|*H &#g*|o| A|-n|-o|o47|thBf GaN tfS?^S§ EA|fl-c|-. 

£E4bb 9#9\ Mv\o\o-\ SEWStHI o|«H £#fl GaN E^SS ittS-^Sgsl MS U-^ych 

£5a-5efe & ^ScH| [CfE um*\t£ GaN ^^CfO|ocoj KHs^ycHlAH A|-g!Efe A|-i^O|o^S|gS» tfBSM 
& 4 EWItt SSB l 2!£0|cK 

21: 4]B|& 7|S 22: ^A|-§ 

24: S^fS 25a: plS GaN gEH^S 

25b: 25c: GaN SEH^S 

25: GaN ITS^M 27,29: fd^i, EJO| 



UhCHOI AM-lfoi- A-tCN 



a h 04 o ! SL 

^ O — "i — ! — ! 



BI-SOI ^Sfe 7|# 3J ZZ. g<^S| gEH7|A 

S 4=5]?5 GaN tf* ChO|°c gy n 73|sa-a<H| BEgSSeJ A|- 

^0|0H7|fiS ^|7HShiL £JB|&7|&jlh 7|S« £-*m°SAM £!£|£« ##A|£J GaN Bf* CK>| 

Sitt^^S, ar% h C|-0|a = (|jght emission diode: LED)fe- S^fil- *S| XH2EK>fl 7|^S|-0H yE*i|4:X|-S.AH 
, g-giM S^7|7|(H|Ai o=|EH SEHSI S-fios yBl Ah*£|jL ?Jdh #7| »ffS § GaNfe BfSCF0|££4:W» 

oWfe y-g- oilMxl^ cH z| S-AhM S^ol-n, cH ire ni-S-sl tt-asW ^|§HA-fe cH ye yjc ^8- 

<H\m fi-Oi E)|0|A^| *-&| AhSEfe AIGalnPSSS, 7hA[ ^S|M^o| ^^(^ 600- 700nm)0-|j &&0\\, 
^ Efe TtSUd HhS* SUb £!£!Sh7i ^ItHAHfe H|JL54 3 yjc 7 ^|- aJI^OJ AJB| 

3 ?i-ui-oi=(sic)2i- mmmn ^©i s-m uo|Eei-o|c( GaN )7^ oj C |. ^^g. LEDfe ^io^, ® 

7RS-*|(optical storage)o| ^Sg^i §7hA|g ^ jjjcFfe Stfg(*l*H#<H| ujtd of 4uH §7h7^)* &3L 

o\2[ S*«j&S ^ lll^ SSl-s^l surg BhE*l| S GaNfe che |||^ 3SfS7=)|fih D^7^|S, BSS^I 
» t 5&Jfe 4l«7|-te& 7|#0| BM. HFShAH, GaNaSSj 7|&* Ah§^0|: &c|-. 0|£h G 

aNSSS «5T7lEi-osfe AhEho|oi ^ gh^nfe s^Aho| = (Ai 2 o 3 )7|£ho| q|Jt«lo|c*. 
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si- * i eh >+Hi-oi<H7iB-e 7mm Msn&^&i Gawi\ as- ci-oio.c o| ^o-n ?mm b nmm ^ck £.1 

01| £A|S SBH°! GaN7(| y-S" l}0|oc o| «§H MW7\g, 

HIS SE(i°| GaN Bi-»^0|£ = S| GaN BUT cK>|aE.(10)fe A|-HhO|OH gg- 7|£r(1 1)3)- ZL A[XL[0\0-\ 

7|&(11) 4KHJ GaN BHt?5ES(15)» If&tf. 

#7| GaN a-S^-SSCISje #7| Ahnl-010-l 7|& ^<H|(11) $^o £ ggg n ^ GaN SEH£=S(15a):# agy^? 
g(Multi- Quantum Well)¥S^I S^S(15b)2|- p'g GaN *EH = §(15c)^. t^^cK #7| S^H^g^e MOCV 
D gS| 0|g«|-a| g3ft| 4= fiiCf. 0| CO), GaN SEH^-S(15a)^ gS«|-7| £jcH| AhH|-0|0^|th(1 IJ^Sj ^ 

*r«»* ?f^Ai7|7| flSH, AIN/GaN°S 0|^0-|xi H-inM(D|£A|)« S^tT 4E &t=K 

5E&, ?^<H| SH9"Srfc GaN aaH^S(15c)j3f #^S(15b)S £^0flfg§|-O=| GaN 3BH£.S(15a) %!¥ 

tffflS it@Ai7|Jl, ZL GaN SEN£§(15a) MEN£§(15c) tffflofl £j7h*|- 

7i fle ns ihbki^bi- pS aaj(i7)» s^s-ck sitf^og a#^£je*i* S7|a|7isah£ jw£oi ei-girs ^ 

*l St7| ° I §H Ai , SEH = S(13) ^ScHfe pS 3^(1 7)S S^©r7| Sofl ^^(transparent electrode: 16)S 
4£ SUCK 

0|2h a-0|, SEH°| GaN tf£|:C|-0|SE.(10)fe S^SS^I A r E r O|oH 7|ff(11)« A|-*S r 7| nHMofl, ^ £jSj(17,19}0S 7H 

si ^se- s^n 4= i#ofl m. m-EKAi 5ierej7rA|cHi n m sq(i9)os¥E-i »^§(i5b)s s§n p« 

(17)2£ 9«rfe a#i*0| 4*«9fSTS CCJ-BH fli^^l S^fi 4= tfOfl 8M. 0I&I& flifi affSlfiS ejsfi, &7| 
tf9 [}o|S = (i0)fc £^9 SfiKV f )0| §7 r ^ r o=l SfiiOl AHt r £|cN, SS7|#S(electrostatic discharge)^ 

SEEK SEH°I GaN BfS-c|-o|2 = (i0)tH|;Hfc, £j#U££| §7KHI 2JSH <HBf#?Jo| aun, ttHofl AWoKH 7|&(11)°| 

^SE-^CHj o[s() ££-fiO| SSStXl f&SrHS., a57|-(H| [fl-Eh AW0|<H7|&(11)j* GaN ^t^^CIS) LNHI 7| 
7||S| S^O| Bf^SSfe iAh7h SSrSsUS 4 £JcK 

U0I-7K 5EH2I GaN BfScF0|aE.(10)(H|AHfe, &S|(19)* ^^§171 *H§HAH, S|0^ fiO|(19)Sl ^^SCl- 

3.7\\ »^S(15b)2| ^J^^^S A||7H^O=|0^ ^lfS^0| ^^E|oH ^Ah3.7| CH *|£(H| ttrC ^9^*01 AH§|- 

Sc|fe S^l£ ?M. 

0|2|- ^0|, g 7|^-&0fO||AHfe, GaN &3S^5KHI A|-E|-0|0H 7 IB- os. di^Efe ^A-IIS 5(1 4; fj" os AH, fl=E 

sy ±n°\ tim&m %*&^m 4 ajt auss ?^°i g 3 n w-» ^012.^ m =l n\^^o\\ s?£io-i &ck 



s ^ h 7i ex-iia* oH3oi-7i mmM n <a^t^oi y-e, A r n r oioH 71&* xhith 

oKn, tS-y 7IM S«, h S°g ^sf&oaMl, cH^ohfe ^Ka| gfenofl lda|o| S^Elfe ?>fe Ga 

S ^§01 c|-5 ^^S, fe|-7| 4^1 ?S GaN m=S ^O|o_c = A-||iofe gr^JE A-||5Sfe 3jO|cK B gofl Hr 
C GaN tfS ChO|o_co| 73|3E^fflOflAHfe, Ahnho|oH^|^j^ GaN03S^J u iS?iiS °JS^ »B|1T 4 SJ£r 
UrU-^JEl- 5S0| ^7(-^o_s x^lsscK 



S O — I I O 5tz o 

^7i 7i*si rn-^is g^oh7i floHAi, & ^se, 

fHejol AfHM §J-fe XH|1 GaN SEH = SHK ^7| £SS GaN SEH^S «FH«HI S^S 

Hr, ^71 S-feS SFS<H| 73|2 E^dS GaN aEHESlL|-, ^7| Xli2 GaN SE||c*CH| SESi^ 

4, #7| S^S S|^0-|| ^^£|D4, Ai|2 SSjOl o^S 71^8 GaN tf® £\0\2. 

x-llgfi-cK 

** B^Sal Url, h *j& 4|A|^eH0l|AHfe, ^A|-o| ^o|-fe 1T#A|7|7| *|oH, #7| A||2 GaN 

EH = Sal- A|-o|oi| s^S, ESI^MSS. olfo-lS Bj-A|g# cH sea 4= 5UcK o|Bi& Ahs°-Ste, A 

u, Ni. Ag, Al SU ZL fi°S ZLgo^EH -Jd^S IS! MStt 4 SJCK 
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SEft, #7| 7lS£Sfe, 4iE|ft, 7f|SQfe, 3! GaAs« ifSfe ZLSo^EH {Heh=I ggs A^Shft 30| 

y^sjSl-cN, #7| S^§°Sfe Au- Sn, Sn, In, Au- Ag §j Pb- SnS SSiffe ZZ.g03.ftEH fij§ 

ft 4^ GaN tfS-ChO|£ = (H|Ai, MCf Sf D J£^Il 7H^S|-7[ ^|SM, #7| ££H^ GaN SSH-E-S 

« M^S0| GaN 3S§°1 S^^ZL, #7| X|2 £EEj?3 SfiH^S* pll M£gO| £§S GaN 3SS° 

ft S& & K 7| 4^^ GaN @f?rcho|£co| A|S&cK &y\ &Sft, A|-H|-0|cH7|ffl- #ofl, G 

aN #BH<=S, tr3« SJ *II2 ESS GaN gBfi<=S0| £*|*j°S HH*IS S^tlb EMI2K #7| Bj-g-? 

iff ^S°l 3.7IS. S&thfe 0-^|2K #7| tfS^SeSl £23 S*, h S« OlSthO^ *hUS| £ £Hah 7 | 

&* S&shft B*|3h #7| ^i!-?SS^¥EH #7| AF^0|0-j7|&S AlWSfe E^|2f, #7| SBH^S°I 

STB § #7| awo[o4 7|S0| S4- #7| £33 7|fi-o| jtftffl fflofl xhh sj xi|2 S^S *m S3sbft B-^flSF 

, #7i *m gy 73i2 s^soi s^s astss 7hs w#cfo|£=s setfft &nm itsch 

#7| AhE|-0l0-j7|fi-S A||7Hgfe Eh7=||fe #7| A|-EK>|<H7|& S|-ftCH| EH|0|XH US SAfS|-(H #7| BfS^SgS*^ #7| 

A|nK>|(H7|&* ftsiffe eiU ^ flCK 0^7|AH BBS Bf«-?Sgo| H7|fe #7| B|o|xHU<H! Slfi SAtBSjjlF 7H 
SI S SJS^U s|-& ^ ftlfiol, zm 7HS ^Scl-oiocoHl H7|S SB!" ^JE SJcK 

^ 7i £S a j s^ss ois«i-o^ 7i&* a*rmfe &nt, ta-a nisi es^ 7iesi *i-ejoii 
oi ¥e £j°ni ^7i afs?ss ^fflcHi m&n fl<Hi t^-y 7i&# atrti-ft Ahsir 4*e &m-. 

o|sh SftS ESS S^sM ft a-SS M} -y-A)|§| -^gs(-7|S ffcK 

E2ft ft gt8°| HUf^j*!- ^AI^EH^I [Ch5 GaN It 9 C|-0|S£(40)SJ ^&S£EO|cK 

7| GaN im C|-O|o c ( 20)fe GaN §EH^§(25a), #^S(25b) 31 n« GaN 3EH = 3(25c)S 
; ?2£M(25)S a^SHH, ti E J|^ 4f7| GaN 3Et|SS(25a)ohBOI| ehAhS(22)* itrS" 4= SJcK #7| 

el-AhS(22)S S.a-a S«tS(24)S 0|g«F0^ 4JS|^ 7|&(21)j* Q^^K 4J-7I ^S(22)& ±A ti&°2. S^hfe 
S=& h A|7|7| $m ^o^AH, W-AhS0| ^& g^o^ offoHS ^ SJCK bh&SISl-THIfe. -fel-7] ^AhS(22)e 
Au ; Ni, Ag, Al SJ 12 IT^o^ rp^g ZlSo^«E^ fS£ 0|^S 4= &!}. 

SEeh, #7| BhA|-a<22)tf ffloifc #7| E^i^ asfS(24)0| S-aech. ft argcHI ccfft GaN 0-332! ^9-^^8(25) 
S A+j*o]cH7|fi #<H| 3#£|uK Mn[o\o-\ 7\&^2.\ mmo\\ £S3 y\BS ¥^tm, A+nFo|oH7ie» Afl7HS|-fe 5 
SSH E2CHI EA|S GaN c|-o|S£(20)2F ao| ^si^i^ ^fd^cK 

o\m =?ti*i7\ wmM, -yeis 7i&(2i)s ¥*r#7i ta-a a«rs(24)oi ai-ssck ft ^ soiiah a^sj^ es 

3 a«TS(24)ft SSf-aS ?fft ESS SSOIOHOI^ 0|eH& AHS^ft Au- Sn, Sn, in, Au- Ag SJ Pb- SnS If 

shft zigo^&| AjEHg 3 ^ gtTAHs Ahssift 5joi unt-^tw. oiah a-oi, sa-y a*, h S(24)s =?&ntt mm 

ft 3^ SEft 0|^0HX|S.^., tl|ias| ^ft BhA|-£* ?>ftcK m-SUH, #7| B.UhS(22)0| ^srsfcHBl-E, ft £r 

ScHIAHft ESS aSS(24)S| HhAkE.01 S|§H ff#A|S 4 s ?Jft ^E ?J}. 

ft ^AI^EHSI- a-0|, JES^7|&°S. 4!B|S 7|&(41)« A^tf 4^ ?JcK «t-x|ch. ft B. k «of|AHfe «£!3 7|e°J AW 
0|0H 7|£W fl-Bj 5E£!3 7|&0|EH Eh^ffcK ft fl-gcHlAH AhSfi 4= 7|£hoSfc 4IBIS, 7^=Dfe Ga 

As &o| ?JS 4 1 aicK 

0|2h 5J-OI. ft 4IA|SEH<H| Hhft ChO)o^(20)ft #3h¥7h S7|^jo^ ^ oj fe ^feCK [C|-ShAH, # 

71 ^Blft 7ia(21)SJ n*£ GaN SBH^S(25c)Si #H ^¥&l|ft ?A 7 4 pS 3^1(27)^ nS e^l(29)S S31T 

o^MH £ 2 £h aft ^r^ ^PZE GaN S" C|-0|2 = 7h ft^^CK 

ft ^AI^EHCHI CCFft GaN it# C|-0|£ = (20>fe SEH°J ^S^^M} 0^7^| AhEhOlO-lT'leh 

Pltloi &!Bift 7|&(21)S Ahgff o S M| aa-SAi*7h gTJLSHAiJi, £j#*SE SBHSJ 4=B?5 tfa-choia = MCh 

*°n ^3E|o^ ^s-sr sskv f )g a-^Aia 4^ ai^cH, s^7i s-^^se tf^Ais 4^ aid-. 

SS^e^lAHft, S#S£ftSM Sft^l 7H^j& 4= ¥SS^°I S35So| HStfxl e|o^ s 7j 2 «f 

A|nFo|cH7|&o| 7;i|7HEi°^, 7HS ±x[ SE^ft ©So| ?i^sHS 4 tFS, leds) ^lE^^o^Aii, 5 

BH«| 4-S^S ^S-d-o|£ = <y- STBI, °JftS *jz|-*hft 53o| fi=?E|x| E>££I, V3ft Bi-S-es|S tMS 

4= ?JtH *|ES Mc|- tr#A|a 4= aiSol £JcK 



- 4 - 



5711*1*1 10-2004- 0058479 



£20ii £A|=J GaN°i ^S-^O|££(20)0||/H, ¥3E#(25)¥ #S«(25b)S 7\&2.S. &¥<M| GaN SEJ|.E£( 
25c)3f «|-¥(H| GaN #EH^S(25a)0| I^eHS. o^|A|£)o-j °jo.Lh e o|(Hj »SJE|*| S£°cH, SfiM 

(HI XI HH2I- ffoi, #7| #EN«=go[ ESSS- AHS ycHS 4= SICK cm, ¥ U*mm& SJ-oi, E<S§(25)2| # 

¥ofl nS GaN asH£S(25c)« °J H J^£^ S£S0| MO- *Hxjg-o|.s.s, £d#!JE¥i» 

e ¥*i GaN am choioc oj xii^as *is«r ¥ aw. 

E3a Uj*| 3efe ¥ DC* ¥^ GaN tt» c|-0|£ = £| ^ggf -tfg*h7| zf 0-ffl£O|cK GaN 

tfS- flo|££2| fl£gSS ^ SS| $|o|iEj» o|g#(H *f¥7HS TjSElLh, £3 a- 3et>||AH¥ ^go| B2.|» flSH, «f 
US| GaN B|-1(-C|-0|£ = » 5SS <H|A|*HL ?M. 

£3aS|- a-0|, B yS0| m-e GaN lf*c|-0|£=o| xflSSSS AWO|0-j7|£l-(31) #(H| GaN il-3-¥SS(35 
)* -SS-thb B*fl3. A|5fgcf. &AH u^f &o|, GaN im¥^(35)¥ AWo|oH7|E!-(31)« g&7|&o£ 0 | 

S«KH ^5fll ¥ £*CK #7| W«=PSS(35)& MCh g?go| zggg ^S"A|7l7| flSfl, Afn|-0|0i7i&(31) #0]| GaN/AI 

NSS^oJj- SJ-S- mnH^(D|£A|)S ^S ¥<H| ^S-AIU ¥¥ °!c|-. 

EES, SlS^eJ LED°I &¥o|| GaN 9EI]E.S(35a)S ^|x|A|7|JI^ *> mioflfe, ilS^ei ¥3E<H|AH¥ fjXHSj #tfr 
¥*l*|7|- eJ-^£|°S, E3a2|- 5fO| GaN g£l|£S(35a), IT^S(35b) Si GaN SBK^S(35c)g ¥x|-*jo^ 

S^Sch 

0|0H, £3b2h fl-Ol, ^0|£c oj 1T^A|7|7| ^|S||Ai pg GaN 3EHJ=S(35c) #0| SAHS(32)S % 

4= aid-. #7 1 e.uj-s(32)& au, ni, Ag, ai sj n zls°s¥ei d^is y-Ai-aoi 

o|*» 4= &ch #7| yxtS(32)S g. as ¥£5*b £^S« &&o[0i ^5|^fT °£ SWi Sfl-tMl ES 
Alfl ¥ #7| ehAhS(32)e S#2J ^ehu S-aIS o|S*KH @-<£|A|-cHj sjsfl so|«h7fl 4= &!* 2o|cK 

Cf§°S, H3c2|- a-Oj, #7| W-At«(32) 4f<H| a*T*(34)S 0|g«ho=| 7|&(41)S SSAlflCl-. ¥ 

e yAF§(32) ^"(Hl SE.SS &*m(34)S QIBI *0fl 7|&(41)§ g&A|7|b £A|E|oH o^oLh 

, om a-si, t^-y a^s(34)g 7i&(4i)si t^oii s^e *o^i n ?js yA^(32)cni strife 

=??im ^s. zjcK ^7i ta-y sjsi-»(34)* ¥-s«Ffe ise s^jsj sgtni omm ^ ?is= s^si 4= ?i°o\, ^ 2 

00- 300°C°I y-S SSf alO^ A^CHIAH ^*]-0j 7hfeffl- SSf A|-S^fe 50| tfff5jSfCj. 0|« EL^ffe £S 
S S*, h S(34)o| fS^c, Au-Sn, Sn, In, Au- Ag §J Pb- Sn§ itTt|-b 3fos?E| -£HS)=! AhSS 4 1 &f 

EES, 4T7I 7lS(41 >e M^^o! £l!£|o^ £SS« 4- 4JS|&,7H|a^te BEb GaAsS it, h ffe 7| 

&S MgSfe 20| UHf5|*W. ShS, £3b(H| £A|g yA^(32)^^S : Sg ^STfl- S^CHI ^7| S*, h S(34) 
B pm GaN a5H^S(35c) ofl ^IS ^-SB 4^£ ?Jch. 

£3d2h SOI, JES^ 7|&(41)fi| S^SSOl &fiJE|S, AhEhO|0-j 7|ffl-(£3cS| 31)S X^HffCK A^E|-0|0i 7\BSr 5)|0| 

x^ §g, 7wi*j tfnK si-*^ aizh^ ^ e SX j 7 |£^|7H 7i« « «hj* ois«kh nmm ^ A^It^olo^ 7ie 

o ^ - n|fe ^a+o|=(ai 2 o 3 )SJ ^Bisiigs^ssAi dH¥ SjisF^^, 7|7i|5i «annd- a*«ts| ^g§§ a|-#s|- 

g^ofe ssmsoia Ai7ioi §7i-*hfe ex^|7^ °jck ih-si-ah, AhEfoion?^^ GaN a-^sgsi mss-thi 

^(thermal coefficient of expansion; TCE)°| *|-0|S 0|§£|-0=| ftB|*hfe ^^0\ ^ 0|gSc|-. 0|&i£f- CHi^eJ 

zLeHu, aioiA-i yoi <as ois*h yae ^^¥Sta- s! ausMi^si *foi^ qjsh, g-ase* ^^ai^ ^ig 

7|#¥Bi7|#E fllsftcl-. 0|CH[ DtjeHAife «^^7|^ &cK 

E3e2|- Si-0|, EtJ-y 7|&(41)4- GaN aEH^S(35a)2| tftffloll §y n^ Sa|(47,49)S S^ST 
.2i£. AM ilS^PJ ¥^?^ GaN c|-0ISS7^ ¥ STAi 4dS& l*Sh fl-0|, g ghS(H| CIJ-S GaN BfS- 

cjoifi =t sssoi iAi-o| ^sis a! mzm ^m^s. %*#xm ¥ 5?jck 

EES, ¥ SSoil cHS -MS<H|AHfe ¥!«H ^Htf^^&flsl SS* o^|Ai-5S-S^o L |-, ^^[o| g^n). g- 0 | flloNS 

¥¥7H» SA|o| S¥oi 7|f* tfif c|-o|2l=s BBSSsffe 5So|Ai ¥7^9J §S4 d|gs ^•H'Sl-fe- 

fljie Al-El-olo-l 7|fio| o|E| A)|7H£|°^, 2>4iS SB'S ¥ 

¥ S<HI tChS ¥^ z f 1 i GaN Bi-Sc+o|£= GaN A(-n(-o|0H7|S- 4, h o^AH SS-A|7|n 
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, zl ai-hi-okh 7i&si ydtfoi ^bi& 7\&jh- a-e t^-a 7i#* ses^ oisskm s^ai^j *oi 

0=|7|AH, e ittSe #7| 4*]?^ GaN tfg-Cl-Olfic *I|S&-BS MO- g0|t|-7i| ?t|4«ttf/H, MC(- J?4# ^0| 

e at a si GaN a-a-aoi£c xku^ 5 amoi<h 7ie* gsisfe gss stah -a as- Hhs* aoi, oien 

o|g«h »e|7|^£ <yg*l°3. A(-n(-o|o-|7|eB|- GaN BtS^sasJ < as#:*ll4' a! 7 -1?;f¥St°£ £JsH B||o| 

A^ SA^SOflAH #7| GaN aSSol £#JE|fe e*||7h af-atr 4 Sitf. 

£4afe »#°| Bl|o|A^S olSfi- A^o|o-|eB|5Ss| flff 33ee<H0|cK 

JE4aS AbHhO|0-i 7|&(111) tfOfl, tfS =P^Shfe GaN & 33^(125)71 ^£E|JL t Zl flofl JE£i 

£ a*Te(124)S OIS^O^ ^B|^ 7m# 7|&(121)0| «g£|<H °!d. 0l7\k\ £A|£! ^ife £3a-3e 

£(■ &B|, A^(-0|0-j 715(111) tfofl GaN tt»C|-0|£ = 7h ^4?HS ^EHO|Ch 

AWO|CH 7|&(111)* ^B|oh7| flSH, &l|0|XH gjg A|-II|-0|CH 7|&(111)£| S^CHjAi SA|-fl- COM, A|-E|-0|CH 7|&(111) 

4 GaN BSS&(125)£| sa««-7fl4S* Sh# S^o| a^&d. ^, AW|o-|o| <2Slj£?)|4te 2f 

7.5 x10 -6/K ejdl BJ-SKH GaN eaSS ^5.9 x10 -6/ko|eH, ef 16%S| ^XhYSS-S 7hx|B|, GaN/AINfeHn-| 
3^<H|£, ^ %o| TfW^Stl-Ol 0|S 2J«H, EtlOlAH feJOtl o|£h ^^-^AlO-ll, AM0|<H7H&(111 

jah GaN eass(i25)°i M<HWb ztzi- s eras^ eis-sMoi ar^sm. 

aiOlAH yoj 3SAJH«10| t!4i«tCH(Siai 10mm* 10mm), AH*0|oH 7|fcKH| ^^?lo £ SAIJEJHAH 4 Si BhWte 
yj-AJo^ £J3!£iH£, S^^M^Afe ^jZ|S||At GaN 0SSS(125)S| 10§ 3L7H| ^#A|^ 4= °jcf, 

£4bb S^si Ahnl-olon 7|fi es|^i|# oisa- 3^ chi fi-#g^(Hj o|e H ^^ 0 | tf^gg GaN B3SS(125)S| 
(HI AH, GaN E-aS*Hfi| i^o| ^g^o^. n|-Ji|S ¥MO( c|-4S. 5fS ^ 4 S,'d. 

5 1 , — ^ I ■ — — I 1 — I I — O I — I I — ! ^ O I — ' I — -^-1 C5 I t — ! N s: CD 1 — ' ^ I -O, * — I I — I s \ i | =1 — L ^ l| ^1 W| 1 l| I — I ' — I - 

o|2|- as e*ll» sH2^7| ^IsHAH, S ^-ScHI m-E- GaN W*ChO|SL= x^^aoflAHfe AHM.S A|-K|.0|0H7|& &BI5 
S« Aflg&CK e ^go| HUf^fh ^ElfCHlAH THiei-Elfe Af3^0|OH7|£t ^B|gS& iff?S§§ S^ohfe GaN 

Stfoll 0|*fe g^g m^[o[7\ %\%M AhufoloH 7|& ^0^j GaN Eh^SSS Q|E| 7H'g i:A|-E!-fl^ S&sh 
5jo|c|-. 

Ef-SEOld. 

£5aS AbE|-o|oi 7|&(131) ^ofl GaN BaSS°S o|^o-i*j ^3£S(135)0| &&5\oi ?Jd. ^7| If 

% h: ?^#(135)S ?^Shfe- GaN GaN 3EH£§(135a), !T^S(135b) a! GaN aEH£.g(135c)g 

0|0H, £5b£h fl-0|, tf7| GaN ?ZEM(135)S H7|(S1)» 5>SE^ SE^&d- ^A|«EH£|- &0\, 

if ¥MCHI cH& ^7f^°J at°[H, 7fe& §m H7|(S)# ^tHI *<H H|o|*|BJ saKHI s| 

ft S^y- i|4i2|-s}-7| ^IsHAj, ^7| 4iSfi| H.7fe SJS^eJ ^"S" ChO|2LJ=oi| S7|S 50| 

unr^tl-cK f^|&, & ^So| o|cH] A-lith£Jb ohUoi Bll o | xH «J SA>ffla|^ 7H°| gflMTHU aMcf sfs a.7| 

Cl-goS, £5c£|- ao|, a*rS(134)» 0|S^0=| ES^ 7|&(141)S SBS tfS-=?SS(135) #ffl0| aSA| 

fld. e sse £3doiiAH ^sei &EL s*m(i34)s ts-a ?i&(141)si sfbchi ^^t^ ^<hi zl 0 

S ^§¥^8(135: ifH^oH GaN SBHE.S(135c))4ftH| SS^hb ^E||S HA|&d. 0| 

ao|, S&S ^^€(135) ti&Oi 7|EH(141)S 0|#. A|-H|-0|CH 7|&(131)0| MB|£jcH£[- 

£, zt tf3-?£S(l35)e &S^°£ SMI! 4 a!°cH > tUBi-AH, geH^^^ ^S #-^5SoflAH£ SUS ^ 

&s om^oi &omn 4 aid. & ^aichisi- aoi a-Ai-soi ajoi a 
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o|oi £5d2h ao|, AWoloH 7|B-(131)S| sh¥oil ebow <nm ZEMZia £ZHM£J ssi^a o|««KM #7| a&s 

Zf £^^g(-|35)S¥^ #7| WO|<H y\Bm *B|A|fiCh 0| COIOll, #7| tf#?£«(135)S| ?flfflOl|AH BtSlSfe 

Am 4 aid-. 

°j b J51££, e aio|x-i yjo| ^Aj-s^g flioiBfsi ffl^McF ^oa^_ aioi*i 4= si emsfe sr^i 
[c^E^A^, mi enow iy°i ^aioi zl sais ^^oi gsn 4= £5b°i w-sr^ESfii se« 

dS°S, £5eS* a-Ol, #7| 7 j2|-go| gffflcHI a^iS-agS* ^A|^C|-. £5e£ £5d°i SWS* & 
EHS £A|*h 5J0|CJ. 0^7 1 AH ?HEH^^SSe 7HH H J§?5f(1 35)£J n« GaN SBH&S(135a)£| 7| 
&(141)fij ShfSofl PISH 4IA|@CK Cl-ei-, GaN 3BH^g(1 35a) °| #Sofl ^Sfc €^(1 49)g- D^3f 0| 
gs|-0=| ^^-^^(ojHl-^jo^. ah^o| §#)0||gj- ^d^j^jo^ *^£.|cH, £jiH(-|47)g dHSS^SAH 7|£h( 

141) sracHI CHSH 4 Rich 

£5f£|- 5fO|, E5e S^SS ?HS fcfg- c|-0|£ca| 37|S 4*]?^ GaN H 

o| Afgtls^, H^! sen 4= &W. 

S 4iA|^EH£|- fl-0|, £5b°| g§tH|AH i^^g(135)§ 7Hi3 tfSdO|££S| H7|S D|B| S^Ofe, & 

sss ss-y 7ie(i4i)si a&5S°^B 4Ia|£Jlk aiiow u ^e*^ a7 | S ae-sib s^afe, w-s- 

?Z£g(135)oi| me §A|cH| 4|A|tf 4£ &d. 

olSF Sfol, e tfSS 4IA|£eH §y EBcHI °|SH thStlfe 32o| ohuU, S?^^|oi| S|sH &St| 

jlaI- «H^, S^Sfloil 7|xHS £ tfssi 7|*^ A^^g l SJoiax| Sfl i_Hol[AH cF?f& f^EHo| as a! ^3 



Bros* ^-1 

^r^e ui-si- a-oi, e u-bsi GaN ^oia=(Hi A^E^o|o^7l£^« ^hsu ^bi& 7ia-s afs^qs. «a 
^^.shaih, s#*s5E seh°i 4S?s ai-scFoifiE.Mci- wie e^s *sh ^^Eioi ^gj-fr sars 

«s^e<HiAHfe, ss D JEMii 7«Aj& 4= fss^ai s-as^oi ms.o\x\ 

Ah^0|0-|7|BO| A1|7H£|°^, 7W ±k[ 5So| L^sHS 4 2JCK 



(57) S^S-I Sfl 

o I o I . 

flS|0| ^fflf XHJ1 GaN SEH^S; 

^7| A)|1 H^ig GaN SEHJ=g o^cHI IT^S; 

7| S^g ^ffloll A||2 GaN SEH^S; 

^7| Ai|2 ££Jl3 GaN MEHj^§cH| S^S; SJ 

^7| s^-S S^ h e tl-eofl f^^Eloi, «|2 ?d^|o| f^^S sfSS £^d^ 7|&S GaN am ^0|SC. 

AIM moil ?JOiAH, 
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#7| n\2 ESS GaN SEUJ=S2h #7 1 ES£! A\0\Q\\ ££!SSaS OffO-|S CH i^Sfe 

5jg s S o S ^±= GaN ffl-S l^O|£c. 

73|2s!-<H| oioUH, 

&7| WAhSg, 

Au, Ni, Ag, Al §J Zl fi-gos =p.£jsj zl^o^eJ S^IS MH^. 0|^0^ £)S ofe GaN tf®- CK>|£. 



#7| ES^ 

7l|snHs, 9J GaAsS S&Sfe ZLgo^EH Sa|£! ISM OffO-IE 5* tfe GaN Cf0|2 



#7| es^ ssrse, 

Au- Sn, Sn, In, Au- Ag §U Pb- Snft £»*|-te nm°^¥B\ g§JS. 0|^0-|S S§°£ GaN 

Cl-OlSE.. 

6. 

7CIM troii ?MAH, 

#7| 7311 ESS GaN SEHi=Se nS M£gO| ESS GaN SSS0|cH, 

#7| 73|2 ESS SEH^Se pS M^M0| GaN 2§S£J ^S°S §Fb GaN am cfo|£ = . 

7. 

amoi<H7|& #oi an ess GaN seh^s, ir-ae ai 7312 ess GaN asd^soi ^a^o^. Hum is?^ 

#7| S-^SS* iisSSl 3L7|S S&ofe &7=||; 

ES£i a^tfS 0|ge|-0^ &7| ShS-^SSl i^^g &^CH| ES^ 7|eS a^5(-fe EMI; 
# 7 | tf^SSS^El #7\ AM0|<H7|eS XWhb 07)1;, 

#7| A1H ESS SEH = SSI SfB S #7| AW o| oh 7j&0| 7ifl7HS SSI- # 7| ES-a 7I&SJ kfS Soil J3| 1 a *M2 

^|EHg ZJ-ZJ- S^Sfe 0-T^I; gj, 

#7i 73H si 7582 a^ioi s-ss aani a-g-cK>i<£=s. sBsi-b &mm GaN ci-oi£= x m 



#7| 73|2 ESS GaN SEf|J=£ #0fl ES& §15 OffO-IS BhAfft* EWI» CH ifSfe *3»S 

Sfe GaN Srif ChOlE^ A^an^ 
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#7| BhAhSS, 

Aii, Ni, Ag, Al gJ n ^<S£! nB£S¥EM d'afS! o|*<H3 4S£S sfe GaN am c}o|£. 

S?tt 10. 

#7| gJ-^-^^goj #gjofl 7|£H# =atf#te 

#7| J££|^ 7|&S| gfoHcHI #7| EMIS*, 

#7i sag 7iesj ^7 1 tfeaf #7i ira^sssi #es strA^ife o-ais. oi*<hs a* ^s°s tffc 

GaN gj-S" C|-0|£E. Ali#S. 

j^A zp. «j- ^ ^ 

rt\7%W\ 9MM, 

#7i ws-t'-sssi tts &&o% is-a 7i&* aa«tfe 0-^1 fe-, 
#71 tfs-^sssi in*@ #eoii #7 1 s^j^ a^tfe b*sk 

#7| JE2^ 7|&* #7| tfS-^SSSl #«£jCHj StfA|7|fe &7*3. 0|*<H2 5« ^S£S *fe GaN St» C+0|£ = 

*o "T 1 o~ 1 2 . 

xH7f,KM| °joUH, 

#7| AW0|0l7|S* X|7-mfe &3Hlte. 

#7| A^o|(H7ie ^¥<HI eao|^ ^Al-sHM ^7| WS^SSS¥E1 #71 Ah^o|oH7|es SBWfc 2§ 

Sfe GaN ii-# ChO|oc A^^-a 

Z2 sj- i o 

^|12#0| ajoHAi 

#7| tf#=Fi#0| aetlfe 37|fc, #7| a|0|AHfejOl! o|*j- ^Al-H^Jll- 7HS| §oj§(.^U x|° sgo £ 

fFfe GaN gJ"# Choice 75l|Stf ttl. 

14. 

#7| tfg-?sso| aetife =L7|fe, #7| ma\E ara?3=So| zfzf ^#c|-o|o c o| 37 |of| aj*|*nn, 

#7| 7HS tt3-c|-o|£=s ae^te Bfllte #7| 7|&* 7HS3 BHWIfiE. S7|S «&afe 5* ^S21 

tfe GaN ChO|o = 75||^y. 

*I|7#<M| sjoUH, 
#7 1 7IS-&, 

4JB|^, ?fl = n|-S §y GaAsM itfsfe ^f°£¥^ 4dB|€! SS^ 0|*<H£! ^S°S Sfe GaN c}o|2 

CZ Til 7Z M> fcH 
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*H7tr<H| S^oUH, 

Au-Sn, Sn, In, Au-Ag 9J Pb- Sn§ StfS|-= ZLgo^^B| AjSj^l g§j^. 0|^0-|£i ^§2^ tfe GaN ^ 
St 1 * 17- 

#7| GaN MBH^SS nS M£MO| £§S GaN 33S0|eH, 

#7| 7H|2 SBO^Se S^gO| £SS GaN 5§ *fe GaN C\0\2.£. SflS^tt. 



EL'S 



10 
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